Physical activity has been positively associated with cognition and the rest-activity rhythm. In the present study, nursing staff classified ambulatory nursing home residents with moderate dementia either as active (n = 42) or as sedentary (n = 34). We assessed the rest-activity rhythm by means of actigraphy, and we administered neuropsychological tests to assess cognitive functioning. Compared with the group that was considered sedentary, the group that was considered active had a significantly better rest-activity rhythm, indicating agreement between nursing staff classifications and data gathered by the actigraph. Cognitive function was related neither to active-sedentary classification nor to actigraph measures. Similar ambulatory nursing home residents with dementia may show considerable differences in their level of daily physical activity and in their rest-activity rhythm, but the precise relationship among all variables requires further investigation.
S
EVERAL important behavioral phenomena, such as restactivity and sleep-wakefulness, are known to show a circadian rhythm, that is, a rhythm of approximately 24 hours (Van Someren, Mirmiran, & Swaab, 1993) . A disturbance in the circadian rest-activity rhythm indicates a dampening of the circadian rhythm amplitude, implying that the difference between periods of rest and activity becomes smaller (Van Someren et al., 1993) . In older people, deterioration of the rest-activity rhythm is common, and rest-activity rhythm disturbances are even more pronounced in people with dementia (Ancoli-Israel et al., 1997; Van Someren et al., 1996) . For example, rest-activity rhythm disturbances in persons with Alzheimer's disease (AD) are characterized by a decrease in the stability of the rhythm across days, a higher fragmentation of the rhythm within 24 hours, and nocturnal restlessness (Van Someren et al., 1996) . The rest-activity rhythm in persons with AD is also characterized by a weak coupling to environmental cues such as light exposure and physical activity, that is, zeitgebers (Ancoli-Israel et al.; Van Someren et al., 1996) . There are several factors that may have a negative impact on the rest-activity rhythm in persons with dementia. One of these factors is living in a nursing home, because of the associated acoustic noise and nightly nursing care routine (Schnelle, Alessi, Al-Samarrai, Fricker, & Ouslander, 1999) . In addition, comorbid conditions such as sleep-disordered breathing (Gehrman et al., 2003) and polypharmacy (Cramer, Chaponis, Bauwens, & Chamberlain, 1999) are associated with rest-activity disturbances. In AD, particularly the dysregulation of the suprachiasmatic nucleus has been reported to play a pivotal role in the often disturbed restactivity rhythm (Van Someren et al., 1996) .
Researchers have emphasized the complexity of factors that influence the rest-activity rhythm in persons with dementia (McCurry & Ancoli-Israel, 2003) . One factor that has repeatedly been linked to rest-activity disturbance in persons with dementia is level of physical activity. More specifically, rest-activity rhythm disturbances in patients with AD are strongly associated with decreased levels of daytime physical activity (Van Someren et al., 1996) . In addition, nursing home residents with dementia show more rest-activity disturbances and less daytime physical activities than do residents without dementia (Paavilainen et al., 2005 ). Furthermore, a higher level of physical activity is related to rest-activity rhythm maintenance in nursing home residents with dementia (Sullivan & Richards, 2004) . In view of this relationship between daytime physical activity and the overall rest-activity rhythm, it is not surprising that nursing home residents with dementia that are confined to a wheelchair show the most severe disturbances of the rest-activity rhythm (Richards, Beck, Shue, & O'Sullivan, 2005) .
Some researchers have reported correlations between restactivity disturbances and dementia severity (Bliwise, 2004) . However, others have reported an inverted U relationship between rest-activity disturbances and cognitive functioning in dementia. This implies that dementia severity is correlated with rest-activity disturbance but peaks at a certain severity, after which more severe dementia is related to less rest-activity disturbance (Van Someren et al., 1996) . In people with moderatestage dementia, a disturbed rest-activity rhythm appears to be related to cognitive dysfunction (McCurry et al., 1999) . In addition, daytime sleepiness is associated with cognitive dysfunction in patients with AD (Bonanni et al., 2005) . In a group of older women with dementia living in assisted care facilities, stability of the rest-activity rhythm across days was associated with cognitive functioning (Carvalho-Bos, Riemersma-Van Der Lek, Waterhouse, Reilly, & Van Someren, 2007) . A possible mechanism could be choline hypofunction in AD, which plays a pivotal role in both the disruption of the rest-activity rhythm as well as in cognitive dysfunction (Schliebs & Arendt, 2006) .
Adding to the complexity of the story, physical activity and cognition are associated with each other as well. More specifically, higher levels of physical activity are associated with higher levels of cognitive functioning, especially executive functioning, and, consequently, with a reduction of the risk for dementia (Churchill et al., 2002; Scherder, Eggermont, Sergeant, & Boersma, 2007) . In order to benefit both the restactivity rhythm as well as the cognition of older nursing home residents with dementia, encouragements have been made to increase their daytime physical activity (Koch, Haesler, Tiziani, & Wilson, 2006) . The level of physical activity can differ among nursing home residents; ambulatory nursing home residents may also show varying levels of physical activity, such as differences in endurance and speed of movement (Kochersberger, McConnell, Kuchibhatla, & Pieper, 1996) . However, being able to walk does not necessarily mean being physically active. Crucially, initiating physical activities is considered to be part of executive functioning, and executive functioning is often impaired in older people with dementia (Stout, Wyman, Johnson, Peavy, & Salmon, 2003) . For instance, in patients with AD, apathy is very common (Craig, Mirakhur, Hart, McIlroy, & Passmore, 2005) . It is associated with impairment in activities of daily living (Stout et al.) . Moreover, older women with dementia living in assisted care facilities who engaged in few daytime physical activities had the most impaired activities of daily living (Carvalho-Bos et al., 2007) , which, in turn, are known to rely heavily on executive functioning (Scherder et al.) .
The aforementioned results suggest that a given sample of people with dementia living on psychogeriatric wards may show varying levels and patterns of daytime physical activity. Some older people with dementia do not engage in physical activities, such as walking, despite being physically capable (Scherder et al., 2007) . Conversely, some older people with dementia are known to show excessive motor behavior such as pacing, and even pacing can be reflected as a stronger rest-activity rhythm (Van Someren et al., 1996) . However, pacing is a type of physical activity that can hardly be resolved by the nursing staff (Hermans, Htay, & McShane, 2007) . In the present study, our focus was on goal-directed behavior, which potentially could be encouraged by the nursing home staff to improve resident functioning. We investigated whether ambulatory nursing home residents at similar stages of dementia varied in their level of goal-directed physical activity, and whether this variation in daytime physical activity was reflected in the rest-activity rhythm and cognitive functioning. We hypothesized that sedentary residents would show greater disturbances of the restactivity rhythm and of cognitive functioning (e.g., executive functioning) than would active residents.
METHODS

Participants
Participant selection. -A convenience sample of nursing home residents was recruited from 17 nursing homes in the Netherlands. This study was part of a larger study for which approval was granted by the local Medical Ethical Committee.
All participants gave their oral consent and their families or caretakers gave written consent. Inclusion criteria were as follows: participants had to be older than 70 years of age, and they had to have a diagnosis of dementia or the presence of cognitive deterioration as reported in the medical status. We focused on nursing home residents with dementia because these individuals often show reduced initiation of physical activity (Scherder et al., 2007) . Participants also had to have a mean score between 10 and 24 on the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) , and they had to be ambulatory (i.e., be capable of walking short distances with or without a walking aid, such as a cane or walker).
Exclusion criteria were as follows. We excluded participants if there were reports by the nursing staff of pacing behavior; if they had a medical diagnosis of a neurodegenerative disease characterized by movement disabilities, such as Parkinson's disease; if they had the current presence of psychiatric disorders that may influence cognition (e.g., psychosis and delirium, disturbances of consciousness, and alcohol abuse); or if there was documentation in their medical status of a history of other nonneurodegenerative conditions that may influence cognition or locomotion, such as head injury, hydrocephalus, and epilepsy (Swaab, 2004) . Application of the inclusion and exclusion criteria resulted in a study population of 76 nursing home residents Participant classification. -In the nursing home setting, the application of objective measurements of, for instance, the restactivity rhythm by means of equipment is often limited because of the costs of the devices and appropriate software, the necessity of know-how of analyzing the data, and reports of noncompliance of nursing home residents with dementia (Van Someren, Kessler, Mirmiran, & Swaab, 1997) . Therefore, in order to facilitate application of the present findings to the nursing home setting, and corroborating the evidence that nurses' evaluations of the level of activity parallel actigraphy data and data from an accelerometer (Kochersberger et al., 1996; Nagels et al., 2007) , we asked the nursing staff to differentiate sedentary from active residents. We asked the head of the nursing staff, a registered nurse, to categorize patients, in agreement with other members of the nursing staff team (including at least one frontline nurse and, if employed at the ward, an occupational therapist). Categorization was based on goal-directed physical activity. We asked the nursing staff to remember whether residents had engaged in the following activities during the past 2 weeks: (a) walking over the ward for reasons other than attending meals (i.e., taking initiative to change location during the day); (b) participating without a wheelchair in trips outside the nursing home; (c) participating in scheduled activities, such as callisthenics or games (e.g., playing shuffleboard); and (d) helping with cooking chores, such as washing the dishes. The people that engaged in at least two of those activities were considered active; other participants were considered sedentary. Forty-two nursing home residents (34 women and 8 men) were categorized as active and 34 residents (32 women and 2 men) were categorized as sedentary.
Education, comorbidity, and medication. -We determined the participants' level of education by means of a 7-point scale ranging from 1 (less than elementary school) to 7 (university;
EGGERMONT AND SCHERDER P280 see Verhage, 1964) . Because depressive symptoms are associated with rest-activity rhythm disturbances (Carvalho-Bos et al., 2007) and cognitive dysfunction (Swaab, 2004) , we used a Dutch version of the Geriatric Depression Scale (GDS; Kok, Heeren, & Van Hemert, 1993 ; see also Yesavage et al., 1982) to determine the level of participants' depressive symptoms (a higher score indicates more feelings of depression; the maximum score is 30). The Dutch GDS is a validated, pretested translation with similar or somewhat better psychometric properties than the Dutch version of Beck's Depression Scale (Kok et al.) .
We also took into account the number of visual disturbances (e.g., macular degeneration, current cataract) as reported in the medical status, because problems of the visual system may have a negative impact on the rest-activity rhythm, as a result of the reduced input to light-sensitive parts of the circadian timing system (Swaab, 2004) , or because of an impaired ability to see and avoid object's in one's path. Because other comorbid conditions may also influence the rest-activity pattern and general well-being and thus the level of daily physical activity, we recorded them as well (see Swaab) . In particular, painful conditions of the locomotor apparatus (e.g., arthritis) may hinder active participation in daily activities and may lead to rest-activity rhythm disturbances (Roberto, Gigliotti, & Husser, 2005) .
In addition, cardiovascular disease is frequently present in dementia (Scherder et al., 2007) and associated with physical activity limitations (Fonarow, 2006) . Therefore, we extracted from the medical status those conditions that were reported in the medical status or for which medication was prescribed, and we classified them into specific categories. Finally, we also recorded types of medication, including psychoactive medication (e.g., antipsychotics; Schweitzer, 2000) , that may affect rest-activity rhythm or cognition as a side effect.
Instruments
Rest-activity rhythm. -We collected rest-activity data by means of an actigraph activity monitor (Cambridge Neurotechnology Ltd., Cambridge, England). Actigraphs are small, lightweight, wrist-worn activity monitors that present a minimal burden to the participant. The participants wore the actigraph for 4 consecutive days. We analyzed the actigraphy data with a sleep-analysis program (Actiwatch Sleep Analysis Software 2001, Version 1.06, Cambridge Neurotechnology). We computed the following nonparametric variables: interdaily stability, intradaily variability, relative amplitude, and total rest-activity score (for a more detailed description, see Van Someren et al., 1999 ; also see Carvalho-Bos et al., 2007) .
Interdaily stability is a measure of the degree of resemblance across activity patterns of individual days. It gives an indication of the strength of coupling between the rest-activity rhythm to zeitgebers (e.g., light input). Higher values indicate a more stable rhythm.
Intradaily variability represents the fragmentation of periods of rest and activity. Normal rest-activity patterns will show one major active period (day) and one major inactive period (night). Therefore, they show a low intradaily variability. Higher values indicate a more fragmented rhythm.
Relative amplitude represents the normalized difference between the most active 10-hour period in the 24-hour cycle (M10) in relation to the uninterrupted, least active 5-hour period (L5). Higher values indicate a larger difference between daytime activity and nighttime rest and thus a stronger rhythm. Within the scope of the present study, we calculated the level of daytime physical activity between 8:00 a.m. and 8:00 p.m. We also calculated the level of physical activity during the night (between 12:00 a.m. and 6:00 a.m.) to control for nocturnal restlessness (higher values indicate more activity).
The total rest-activity score is formed by the summation of the three main rest-activity rhythm variables. We converted the interdaily stability, the inverted intradaily variability, and the relative amplitude into z scores and combined them into one total rest-activity score (Cronbach's alpha: a ¼ 0.77).
Cognitive functioning. -We had cognitive tests administered by trained research assistants who were blind to study design and participant category assignment. Test assessment took place in each participant's room during the same period when the activity classifications were made. The cognitive outcome measures represented the MMSE, the Digit Span test, the Category Fluency test, the Rivermead Behavioural Memory Test (RBMT), the Eight Words Test, and a total cognition score.
The MMSE (Folstein et al., 1975) involves items that assess orientation, recall, attention, calculation, language, praxis, and visuoconstructive abilities (the maximum score is 30). It provides a measure of global cognitive functioning. The measure is also used to indicate the severity of dementia, with a range between 17 and 24 indicating mild-to-moderate dementia, and an MMSE score of ,17 indicating more severe dementia (Bokde et al., 2005) .
The Digit Span (Forward and Backward) test is a subtest of the revised Wechsler Memory Scale (Wechsler, 1987) . The participant is asked to repeat series of digits in the same order (forward), or in the reversed order (backward). The total number of correctly recalled items forms the outcome variable, with a maximum score of 24. The test provides a measure of a patients' verbal working memory (Wilde, Strauss, & Tulsky, 2004) . The Digit Span test has proven to be sufficiently reliable to be interpreted on its own (r x ¼ 0.77; see Elwood, 1991) .
The Category Fluency test is a subtest of the Groninger Intelligentie Test (Snijders & Verhage, 1983) . The participant is asked to name as many animals and occupations as possible, each during a 1-minute period. The total number of correctly named items forms the outcome variable. This test measures the participants' ability to retrieve familiar information from semantic memory. The reliability and validity of the Groninger Intelligentie Test have been labeled as satisfactory by the Committee on Test Affairs Netherlands (Evers, Van VlietMulder, & Groot, 2000) .
We administered two subtests of the RBMT (Wilson, Cockburn, & Baddeley, 1987) : the Face Recognition test to measure visual, nonverbal long-term memory (maximum score is 10) and the Picture Recognition test to measure visual, verbal long-term memory (maximum score is 20). The RBMT is an ecologically valid test to assess everyday memory problems (Wills, Clare, Shiel, & Wilson, 2000) , and it has a high interrater reliability (Wilson et al.) . We converted scores on COGNITION, REST-ACTIVITY RHYTHM, AND SEDENTARINESS P281 both tests to z scores and formed one RBMT test score (Cronbach's alpha: a ¼ 0.63).
In the Eight Words Test (Lindeboom & Jonker, 1989) , the instructor reads out 8 words in a row. This process is repeated five times, and every time the participant is asked to recall as many words as possible. The first outcome measure is the total number of recalled words (direct recall, with a maximum score of 40). After 15 minutes, the participant is asked to recall as many words as possible (delayed recall, with a maximum score of 8). Next, the examiner names 16 words and the participant is asked to distinguish between words read before and words not read before (delayed recognition, with a maximum score of 16). The three subtests of this test appeal to episodic memory. The reliability and validity of this test are considered satisfactory by the Committee on Test Affairs Netherlands (Evers et al., 2000) . We transformed the three subtests into z scores and combined them into one Eight Words Test score (Cronbach's alpha:
We converted all the cognitive variables into z scores and combined them into one total cognition score (Cronbach's alpha: a ¼ 0.81).
Statistical Analysis
We analyzed the data by using SPSS Version 11.5 (SPSS, Inc., Chicago, IL). We compared the characteristics of the participants between groups by using an independent-samples t test, a chi-square test, or a Mann-Whitney U test. We conducted analyses of variance on the rest-activity parameters and the cognitive tests. We explored the relationships between the main rest-activity rhythm variables and the cognitive variables within the total group by means of Pearson correlations. To control for spurious results that were due to the multiple analyses performed in the present study, we used an adjusted alpha level of .01 (statistical results with significance levels of .01 p .05 were considered as statistical trends). We estimated effect sizes in terms of the partial eta squared or g p 2 , and, following Cohen's standard (Cohen, 1992) , we interpreted them as follows: small, g p 2 ' 0.01; moderate, g p 2 ' 0.06; and large, g p 2 . 0.13.
RESULTS
Baseline Characteristics
The mean age of all participants was 84.9 years and did not differ significantly between groups categorized by the nursing staff (for means, standard deviations and t tests, see Table 1 ). All participants were mildly or moderately demented (MMSE range ¼ 10-24). Most of the participants with dementia were in a moderate stage of dementia (median MMSE ¼ 17). The sedentary and active groups as determined by the nursing staff did not differ significantly in terms of education (v 2 ¼ 8.897, df ¼ 5, p ¼ .113). Participants revealed a diagnosis in their medical status that was (a) AD, n ¼ 25; (b) vascular dementia, n ¼ 14; (c) a combination of AD and vascular dementia, n ¼ 5; or (d) dementia not otherwise specified, n ¼ 32. The different types of dementias were equally distributed over both groups (see Table 1 ).
Mood. -The active and the sedentary groups categorized by the nursing staff did not differ significantly on the GDS score (see Table 1 ). The two groups also did not differ in number of people that were prescribed antidepressant medication (see Table 1 ).
Comorbidity and medication. -The two groups categorized by the nursing staff did not show a significant difference with respect to the total number of medical diagnoses reported in the medical status (Mann-Whitney U test: z ¼ À0.75, p ¼ .456) or with respect to types of medication (Mann-Whitney U test: z ¼ À0.89, p ¼ .376). More specifically, there were no differences between groups concerning the number of total conditions that affect the locomotor apparatus (Mann Whitney U test: z ¼ Table 1 . Apart from a nonsignificant difference concerning renal insufficiency, specific categories of illnesses did not differ between groups (see Table 1 ).
Rest-Activity Rhythm
Daytime physical activity. -As we expected, the level of activity between 8:00 a.m. and 8:00 p.m. measured by the actigraph indicated that daytime physical activity was significantly higher in the group that was described as active by the nursing staff compared with the group that was categorized as sedentary (for means, standard deviations and statistics, see Table 2 ). This difference showed a moderate-to-large effect size. People in the group categorized as active who had multiple comorbidities of the locomotor apparatus showed an equal amount of physical activity during the day as did those without any comorbidities of the locomotor apparatus:
Total rest-activity score. -The total rest-activity score differed significantly between groups categorized by the nursing staff, showing a moderate effect size. The group that was considered active revealed a higher combined z score.
Intradaily variability. -Concerning the main rest-activity variables, the difference between the mean scores of both groups on the variable of intradaily variability was significant, showing a moderate effect size. Intradaily variability was lower in the group that was described as active by the nursing staff than in the group that was considered sedentary.
Interdaily stability. -Compared with this sedentary group, the active group had higher mean interdaily stability scores.
Although this difference was not significant, it showed a trend and a small-to-moderate effect size. Twenty-three percent of this sedentary group revealed interdaily stability that was at or above the median interdaily stability of the active group.
Relative amplitude. -The difference between groups concerning the mean scores on the relative amplitude variable approached significance and showed a small-to-moderate effect size; the group that was described as sedentary by the nursing staff showed the smallest relative amplitude. Half of the people in this sedentary group showed a relative amplitude that was at or above the median relative amplitude in the active group. The level of physical activity during the night, that is, between 12:00 a.m. and 6:00 a.m., did not differ between groups (for means, standard deviations, and statistics, see Table 2 ).
Stage of dementia. -We performed separate analyses between the groups categorized by the nursing staff to compare subgroups that were in a mild-to-moderate stage of dementia with those in a more severe stage of dementia. Differences concerning the rest-activity rhythm variables between the group that was considered active and the group that was considered sedentary were more pronounced in the subgroup that showed more severe dementia (.007 , p , .115 and .042 , g p 2 , .166) than in the subgroup that showed mild-to-moderate dementia (.032 , p , .271 and .010 , g p 2 , .088).
Cognitive Functioning
There were no significant differences in cognitive functioning between groups categorized by the nursing staff, although there was a trend for MMSE and Digit Span scores to be lower in the group that was categorized as sedentary (for means, standard deviations, and statistics, see Table 2 ). In the analyses in which the groups determined by the nursing staff were divided into persons with mild-to-moderate and more severe dementia, we found no significant differences between the active and sedentary groups (.076 , p , .463 and .000 , g p 2 , .054). 
Relationship Between the Rest-Activity Rhythm Variables and the Cognitive Tests
Correlations between the cognitive variables and the restactivity variables, including level of activity during the day and during the night, were not significant (see Table 3 ). Pearson correlations between interdaily stability and Category Fluency test scores and the total cognition score showed a trend, but correlations were low. In addition, correlations between the RBMT score and the relative amplitude and the total restactivity score showed trends but were low.
DISCUSSION
Rest-Activity Rhythm
Within this group of ambulatory nursing home residents with moderately advanced dementia (median MMSE ¼ 17), the actigraphy data revealed considerable differences in daily physical activity level between the group that was considered active and the group that was considered sedentary by the nursing staff. One may argue that the group that was considered sedentary might suffer from more (though not significant) locomotor disturbances. However, the people in the active group who showed multiple comorbidities of the locomotor apparatus did not show less physical activity during the day compared with those without comorbidities of the locomotor apparatus. Besides a significant difference in daily physical activity, the group that was considered sedentary showed a less stable rest-activity rhythm across days, a more fragmented rhythm within a day, and a smaller difference between periods of rest and activity than did the group that was considered active. Of course, the latter finding is not surprising in view of the overall lower level of physical activity.
Cognitive Functioning
Contrary to our expectation, we found no significant differences between the group that was considered active and the group that was considered sedentary with respect to cognitive functioning. One possible explanation for this lack of a difference may be the low level of overall physical activity in general in the present study population. It has been reported that, for physical activity to benefit cognition, aerobic physical activity of a moderate magnitude of intensity is required (Colcombe & Kramer, 2003) . The present data support these findings, because the present study population did not participate in any aerobic physical activity program; some people were just slightly more physically active than others.
Considering the low level of physical activity in our population, one may wish to replace a dichotomous categorization (activesedentary), which indicates a restricted range of physical activity, by a continuous measure of level of physical activity in future research. One example would be the actual number of activities that people engaged in.
Variability Between and Within Participants
A striking finding was that, despite the fact that the entire group of ambulatory older nursing home residents was sedentary, and despite the similarity of the participants with respect to age, level of dementia, and presence of comorbidity, some variability across participants in several aspects was still shown. More specifically, there was variability in terms of their daily level of physical activity. Differences between the nursing home residents with respect to their rest-activity rhythm were of moderate magnitude. Interestingly, when dividing the participants into groups of people with mild-to-moderate and more severe dementia, we found that differences in rest-activity rhythm between the active and the sedentary groups as determined by the nursing staff were more apparent in the more severely demented group. An explanation for this finding might be as follows. People with more severe dementia show a more disrupted functioning of the suprachiasmatic nucleus (Stopa, Volicer, Kuo-Leblanc, Harper, Lathi, Tate, et al., 1999) . It can be argued that the more the biological clock is impaired, the more its functioning depends on stimuli such as those that arise from physical activity. Being in an advanced stage of dementia and being sedentary may have a more negative effect on a person's rest-activity rhythm than being in a more advanced stage but still physically active.
Besides this variability between the groups categorized by the nursing staff, there was also a large intraindividual variability. This intraindividual variability might be associated with age (Huang et al., 2002) , the severity of cognitive impairment (Dixon et al., 2007) , or the nature of neurological disturbance (Burton, Strauss, Hultsch, Moll, & Hunter, 2006) . However, intraindividual variability does not necessarily indicate vulnerability in older people (Allaire & Marsiske, 2005) . In addition to variability in the rest-activity rhythm, intraindividual variability in dementia has been reported for agitation, cognition, and physical function (Martin, Marler, Shochat, & Ancoli-Israel, 2000; Strauss, MacDonald, Hunter, Moll, & Hultsch, 2002) . More specifically, nursing home residents show a greater variability across cognitive domains; this, in turn, is associated with functional decline (Rapp, Schnaider-Beeri, Sano, Silverman, & Haroutunian, 2005) .
Study Limitations
At this point, we should note that several factors may limit the interpretation of our findings. First, the level of depression was determined by the GDS (Kok et al., 1993) . Although the GDS has been used in older people with dementia (Orsitto et al., 2007) , some researchers have argued that it may not be the best way to assess symptoms of depression in dementia (Kørner et al., 2006) . Related to this issue, assessing symptoms of depression in older people with dementia is difficult because of the overlap of symptoms of depression and dementia, such as difficulty concentrating and apathy (Hoogendijk, 1998) . Future studies could benefit from an instrument that is specifically designed for this particular population (e.g., the Cornell Scale for Depression in Dementia; see Alexopoulos, Abrams, Young, & Shamoian, 1988) .
A second limitation of the present study was that we did not take into account exposure to light. One may argue that, on one hand, being more active may be associated with receiving more input of light. On the other hand, people that were sitting down most of the day may have been sitting in the light, whereas more active people may have been walking through somewhat darker hallways. Light is an important zeitgeber in the rest-activity rhythm, and increased exposure to light benefits rest-activity disturbances and may improve cognitive functioning in dementia (Ancoli-Israel et al., 1997; Forbes et al., 2004) . In future studies, this variable should be controlled for.
A third limitation is that the classification by the nursing staff was performed only once and by nursing staff teams of different nursing homes, precluding a determination of interrater reliability. In addition, categorization was based on the recollection of the nursing staff and it remains uncertain what kind of physical activity the participants of the present study were actually performing. Certain types of daily physical activities are more strenuous than other types of activity, for example, knitting versus setting the table (Ainsworth et al., 1993) . Unfortunately, it was not feasible in the present study to continuously monitor the nursing home residents, because the resulting work load would be too much for the nursing staff. However, despite the lack of specific information on which type of activities were actually engaged in, the categorization by the nursing staff did correspond to the actigraphy data.
Finally, information on specific subtypes of dementia of the participants was lacking. It may be the case that rest-activity disturbances differ across subtypes of dementia. For example, patients with frontotemporal dementia can show more restactivity disturbance than do patients with AD (Liu et al., 2004) . Taking into account dementia subtype allows for more specific inferences concerning the relationships among physical activity, rest-activity rhythm, and cognitive functioning. However, this problem is difficult to resolve, as a definite diagnosis of dementia subtype can only be established by means of brain autopsy (Dickson, 2001) .
Conclusions
In the present study we examined the extent to which nursing home residents show variability in physical activity, the restactivity rhythm, and cognitive functioning. We focused on ambulatory nursing home residents living on psychogeriatric wards. Although most patients were already in a moderately advanced stage of dementia, we found considerable differences in the level of physical activity and rest-activity rhythm between the active and sedentary groups as categorized by the nursing staff. Another important finding was that no significant differences between groups were found with respect to cognitive functioning. In line with previous studies, nursing staff's assessment of patients' activity levels converged with the results of our actigraphy measurements. Their accurate assessment is of clinical significance because nursing staff have intimate contact with the residents and can stimulate their activity levels. The fact of whether or not nursing home residents with dementia benefit from extra stimulation by the nursing staff to engage in more physical activity should be determined in future randomized, controlled, clinical trials.
